A novel structure of networked control systems which incorporates output feedback predictive control and event-triggered communication scheme in a unified model based on the networked control system with packet loss is proposed in this paper. The load of communication channel is relieved by event-triggered communication scheme, and the packet loss is compensated actively by predictive control. Then, the stability criterion which can guarantee the asymptotic stability of the closed-loop system is established and output feedback controller gain is obtained using the approach of a common quadratic Lyapunov and linear matrix inequality based on this model. A simulation example is given to demonstrate the effectiveness of the proposed method. The whole improvement of quality of performance and network quality of service is realized.
Introduction
Networked Control Systems (NCSs) are syncretic products of modern control technology and computer communication technology which has brought them new opportunities and challenges. In recent years, the analysis and synthesis of networked control systems with network-induced delay and data packet loss has become a research focus in the international academic circles.
Uncertainties of network such as network-induced delay and data dropout are inevitable because sampling signals and control signals are transmitted through network in the network control systems, and all sampling signals will be sent by traditional way of sampling. So the network congestion will be caused and then packet loss will be happened easily. The network data transmission quantity can be reduced effectively by event-triggered communication scheme, and the load of communication channel will be relieved and the packet loss will be reduced afterwards. There are a lot of fruitful literatures at home and abroad in the respect [1] [2] [3] . In [4] , a distributed event-triggered scheme was proposed taking network-induced delay and packet loss into account. Networked predictive control method is a kind of prediction compensation algorithm based on a model in NCSs. Because the network induced delay and packet loss can be compensated actively by the algorithm, some scholars combined event-triggered scheme and predictive control to research. A networked predictive control method was proposed to compensate delay and data dropout actively in [5] [6] . It is verified by experimental results that networked predictive control method can obtain a similar performance as local control. In [7] , a novel event-triggered networked predictive control method was designed which decided controlled variable according to the output of object rather than the network delay.
A novel structure of networked control systems which incorporates output feedback predictive control and event-triggered communication scheme in a unified model is proposed in this paper. The load of communication channel can be relieved by the event-triggered communication scheme. Although the network bandwidth resource is saved by the scheme, the quality of control will be reduced at the same time. The predictive control algorithm can compensate packet loss in advance. The two aspects split the difference, and the ideal quality of performance and quality of service can be obtained. Then, the stability criterion which can guarantee the asymptotic stability of the closed-loop system is established and output feedback controller gain is obtained using the approach of a common quadratic Lyapunov and linear matrix inequality based on this model. A simulation example is given to demonstrate the effectiveness of the proposed method.
Problem Description

Model of system
The structure of networked control system is shown in Figure 1 . The dynamic equation of the plant and model are described respectively by the following discrete-time linear systems:
( 1) (
Where ( ) Fig.1 . Structure of the event-triggered predictive control system A certain discrete network control system is considered in the paper. The event-triggered scheme and output feedback predictive control can save network bandwidth and compensate packet loss actively to ensure whole improvement of control quality of performance and network quality of service. This scheme mainly includes three parts: event-generator at the sensor side, controller prediction generator(CPG) at the controller side and the networked delay compensator(NDC) at the actuator side.
Before further describing the scheme, we make the following assumptions: Assumption 1. The sensor is time-driven with a constant sampling period T. The controller and actuator are event-driven. This paper assumes that the network time delay does not exist.
Assumption 2. The upper bound of continuous packet loss from sensor to actuator is p , p is a positive integer.
Event-triggered predictive control scheme
Discrete event-triggered communication scheme refers to introducing a communication constraint to NCSs. It transmits information according to whether the state and state error satisfy the condition or not. State of the system is detected at each sampling instant and corresponding error is calculated. If it meets the triggering condition, the current state of the system is transmitted. On the assumption that the latest sampling data is ( ) k y t , the current sampling data is ( ) k y i . The following
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triggering condition is established from the viewpoint of saving network resources:
where  is event-triggered matrix,  is a constant. x t  is the subsequent event-triggered predictive state which can be calculated iteratively: 
y t r y t y t r y t y t r y t r
At each si t , based on the obtained states 
Stability analysis and controller design
According to Lemma (1), system (1) under the event-triggered condition (3) can be transformed into the following closed-loop system considering packet loss compensation: . Then the closed-loop system (6) can be written as
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Remark 2. Note that for
, no event is triggered on the sensor node, so based on event-triggered condition (3) , along the trajectory of system (7) and taking Eq. (8) into account, the forward difference of ( ) V t is given by
t x t Px t x t Px t e t e t x t C Cx t Ax t BKCx t BKe t P Ax t BKCx t BKe t x t Px t e t e t x t C Cx t x t x t e t e t
But there are nonlinear terms PBKC and PBK in the above Eq. (10), so it is not a LMI. Pre-multiply and post-multiply with
. Define some new variables as
, Y KCP   Then according to the Lyapunov stability theory for discrete-time system, system (7) is asymptotically stable if the LMI (9) is satisfied. The proof is completed.
Simulation example
Thinking about the following discrete-time systems to illustrate the scheme proposed in the paper, 
Conclusion
A novel scheme which incorporates output feedback predictive control and event-triggered communication scheme based on the networked control system with packet loss is proposed in this paper. On the one hand, the network bandwidth resources are saved. On the other hand, packet loss is compensated actively. Then, stability criterions are established which can guarantee the asymptotic stability of the closed-loop system and output feedback controller gain is obtained using the approach of a common quadratic Lyapunov and linear matrix inequality. A simulation example is given to demonstrate the effectiveness of the proposed method. The whole improvement of quality of performance and network quality of service is realized.
